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What is the Army impact on animals in the environment?

Threatened & 
endangered 
Populations Military chemicals 

(explosives, 
propellants, and 

metals)

Effect  

Fate  

Microbial 
populations 

Toxicity to individuals

Sediment and aquatic 
contaminants:

PCBs, Metals, PAHs, 
Pesticides   
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Goal: Predict bad effects

Virtual        
Canary

Computational    Computational    
BiologyBiology

Genome

Regulatory 
Networks

Metabolism

Development Effect:
•Death
•Mutation
•Damage
•DetoxifySensing

Risk

GeneGene

ProteinProtein

MetabolismMetabolism

Rapid/Accurate Assessment and Prediction of Risk

Stress:
Chemical 
Biological 
Physical

ResponseExposure

SoilSoil

WaterWater
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Toxicological networks

Fathead minnow exposed to 
2,4-dinitrotoluene

Assess effects on Liver 
gene expression

clone regul. Description

5D22 Fatty Acid binding protein 10 [Danio Rerio]
10C2 Fatty acid binding protein 10, liver basic [Danio rerio] 
6D3 Fatty acid binding protein 10, liver basic [Danio rerio] 
6M22 Fatty acid binding protein 10, liver basic [Danio rerio] 
8G10 Fatty acid binding protein 10, liver basic [Danio rerio] 
10I3 14 kDa apolipoprotein [Carassius auratus gibelio]
11F15 14 kDa apolipoprotein [Carassius auratus gibelio]
4C21 14 kDa apolipoprotein [Carassius auratus gibelio]
6F21 14 kDa apolipoprotein [Carassius auratus gibelio]
7K19 14 kDa apolipoprotein [Carassius auratus gibelio]
8B5 14 kDa apolipoprotein [Carassius auratus gibelio]
8K4 14 kDa apolipoprotein [Carassius auratus gibelio]
9P1 14 kDa apolipoprotein [Carassius auratus gibelio]
7K3 14 kDa apolipoprotein [Ctenopharyngodon idella]
2D13 14 kDa apolipoprotein
1K7 Apolipoprotein A-ApoA1
4N8 Apolipoprotein A-ApoA1
5J8 Apolipoprotein A-ApoA1
10K18 Apolipoprotein B (Novel Protein similar to vertebrate apolipoprotei
7H20 Apolipoprotein B-100
5K22 Inhibitor of metalloproteinase 2 /Phosphatidylinositol-4-kinase 
9C14 Hemoglobin alpha chain 
9K7 Hemoglobin alpha chain  [c.carpio]
5K17 Hemoglobin alpha chain  [Cyprinus carpio]
1H19 Transferrin
6D2 transferrin variant C [Carassius cuvieri]
2D18 cytochrome oxidase subunit I [Sarchocheilichthys variegatus]
4K12 mitochondrial 12S ribosomal RNA and tRNA Val
5F9 mitochondrial 12S ribosomal RNA and tRNA Val
1K2 mitochondrial 12S ribosomal RNA and tRNA-Val 
5F10 mitochondrial 12S ribosomal RNA and tRNA-Val 
3G12 heterodisulfide reductase subunit C [Aquifex aeolicus VF5] 
10H13 branched chain alpha-ketoacid dehydrogenase kinase [Ctenopharyngodon idella
8B6 fast muscle troponin I [Danio rerio]
3L24 hypothetical protein DDB0218543 [Dictyostelium discoideum]
11H15 hypothetical protein mlr6575 [Mesorhizobium loti MAFF303099]
10L22 polymerase II polypeptide L [synthetic construct] 
12G3 polyprotein [tobacco vein-clearing virus] 
10N23 ribosomal protein L10a [Bos taurus]
7N10 RIFIN [Plasmodium falciparum 3D7] 
11I6 Zebra Fish DNA sequence from clone DKEYP-1H4
1O12 Zebra Fish DNA sequence from clone DKEYP-1H4
6I15 Zebra Fish DNA sequence from clone DKEYP-46C9
4G9 Zebra Fish DNA sequence from clone RP71-61H23
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Biological networks and fundamental network properties

As in engineered systems, there is a trade off between Robustness 
and Fragility

Death 

Alteration of 
metabolism, physiology 
Increased metabolism, 
repair 

Baseline metabolism, 
repair 

Accumulation of cellular 
damage 

Reproductive effects 

Exposure (dose vs. time) 
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Toxicity Due to Fragility
Death 

Alteration of 
metabolism, physiology 
Increased metabolism, 
repair 

Baseline metabolism, 
repair 

Accumulation of cellular 
damage 

Reproductive effects 

Exposure (dose vs. time) 

ROBUST
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Toxicity / Fragility
Death 

Alteration of 
metabolism, physiology 
Increased metabolism, 
repair 

Baseline metabolism, 
repair 

Accumulation of cellular 
damage 

Reproductive effects 

Exposure (dose vs. time) 

ROBUST

FRAGILE
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Toxicity / Fragility
Death 

Alteration of 
metabolism, physiology 
Increased metabolism, 
repair 

Baseline metabolism, 
repair 

Accumulation of cellular 
damage 

Reproductive effects 

Exposure (dose vs. time) 

ROBUST

FRAGILE
Prediction of toxicity

=
Prediction of network failure
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Endocrine pathway in fish as model

Production of 
testosterone & 
estradiol from 
cholesterol 

Steroidogenesis
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Endocrine pathway in fish as model

Steroidogenesis
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t output

Regulatory modules

Metabolic modules

Mitochondria Theca cells

outputoutput

output
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Network issues

• What is relationship of architecture to 
function?
– Robustness and Fragility

• How are different levels of control 
integrated?

• Can we predict when network will fail once 
architecture is defined?


